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Appendix A: Construction of the dataset
For this study we have constructed an ad hoc dataset by using the following five components available at the SecureLab, UK Data Service. These are all linked by the unique reporting unit number:
Business Structure Database (BSD): the dataset is derived from the Inter Departmental Business Register (IDBR) and provides longitudinal business demography information for the population of businesses in the UK. We use information on a company's industrial classification (SIC 92) as well as incorporation and market exit dates from the BSD to be able to define the age of the firm. Annual Respondents Database (ARD2): the ARD2 is constructed from the microdata collected in the Annual Business Inquiry (ABI) conducted by the ONS. The stratified survey sample is drawn from the IDBR.
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The ARD covers both the production (including manufacturing) and the non-production sector (services). However the time series dimension varies across the two sectors: while for the production sector it is possible to have information available up to 1980 (and early 70s for some industries), the data for the services sector is available only after 1997. The information is assembled from the replies to the Census forms: as this is a mandatory requirement for UK-based business, the response rates to the ARD are rather high and this makes it highly representative of the underlying population. Each establishment has got a unique reference number that does not change over time and so allows us to build up a panel dataset. The ARD is a stratified random sample where sampling probabilities are higher for large establishments: indeed for establishments with more than 250 employees, the sampling probability is equal to one. The ARD contains all the basic information (namely the inputs and output variables) needed to estimate the production function. Output is measured by the deflated added value. Employment is measured by the total number of employees. As for capital, it is well known that the ARD does not contain information on capital stock. However, stock of capital has been constructed at the ONS by using the perpetual inventory method.
UK Community Innovation Survey (CIS) 3, 4, and 5: the CIS is a stratified sample of firms with more than 10 employees drawn from the IDBR. The CIS contains detailed information on firms' self-reported innovative activities. This covers firms' innovation activities over a threeyear window targeting firms with more than ten employees. The CIS is a survey carried out by national statistical agencies in all 25 EU member states under the coordination of Eurostat. The sampling frame for the UK CIS was developed from the Interdepartmental Business Register (IDBR) with the survey being conducted by post. Firms are asked whether they have produced any innovation in the reference period (i.e. the three years before the survey starts) and if so, what type of innovation they have introduced. In turn innovation can be of three types: product innovation, process innovation and wider (or organisational) innovation. Unsurprisingly, firms can be simultaneously produce two type of innovations (or even three types) and this allows us to construct our dependent variable as the total number of innovations produced by a firm over the period 2005-07. This variable can then vary between 0 (as firms may not produce any innovation in the reference period and therefore are recorded as non-innovators) and 3 (if firms produced a product, a process and a wider innovation at the same time). The CIS provides information on what external sources of information a firm uses and whether it collaborates with other organisations to develop innovation. In addition, the Survey contains information on R&D expenditure, the proportion of the workforce with a degree in engineering or a science subject and whether or not the plant is part of a group. We use three surveys: CIS 3 which covers the period 1998-2000, CIS 4 which covers 2002 -2004 , and CIS 5 which covers 2004 -2006 . The sample frames differ for the three CIS waves both in terms of size and industry coverage. For CIS 3, the sample frame consists of 19,625 enterprises with responses from 8,172 enterprises (42% response rate); CIS 3 covers both production (manufacturing, mining, electricity, gas and water, construction) and services sectors whereas the retail sector has been excluded. CIS 4 has the largest sample size out of the three CIS waves with a sample frame of 28,355 enterprises and responses from 16,446 enterprises (58% response rate); it also includes the following sectors: sale, maintenance & repair of motor vehicles (SIC 50); Retail Trade (SIC 52); and Hotels & restaurants (SIC 55). CIS 5 was answered by 14,872 firms which correspond to a response rate of 53% (Robson and Haigh, 2008) . It covers the same industries as CIS 4 with the addition of SIC 921 (motion picture and video activities) and 922 (radio and television activities).
One problem that arises in combining these datasets is the identification of the relevant sampling unit. The ARD2 is apparently sampled at the reporting unit level (which may not coincide with the firm in the case of multi-unit firms), where it is possible that a reporting unit may belong to a larger enterprise, although most of the enterprises consist of a single reporting unit. In principle, the UK CIS is sampled at the enterprise level. Thus for multi-establishment enterprises, there is some ambiguity about whether we have the full complement of data from the ARD2. Fortunately this problem will affect relatively few firms in our sample.
Note: the ratios trimmed are those for sales/capital stock, sales/employment, sales/materials, capital stock/employment, and R&D and innovation spending intensity. Observations in the one per cent tails of the distribution were excluded. The shares shown are for firms that have some form of innovation spending reported. Table A5 : Average composition of innovation expenditure
In this appendix we present some additional estimates of our model that use innovation spending in place of R&D spending as an explanatory variable. Tables B1 and B2 show relatively few differences from Tables 2 and 3 (using R&D spending) . That is, using innovation spending instead of R&D as a predictor of the preference for formal and informal IP and innovation makes little difference to the coefficient estimates. The largest differences statistically are the increase in the within group information source coefficients and the decrease in the suppliers information source coefficient. This may reflect the changes in these coefficients in the innovation spending equations, and raises some concern about the interpretation of these coefficients. That is, stronger coefficients in the innovation spending model seem to be reflected in strengthened coefficients of the opposite sign in the IP-innovation probability model. Recall that the latter model includes the value of R&D or innovation spending that is predicted based partly on these coefficients. Table B3 shows the production function estimates from the innovation spending model, which are essentially identical to those for the R&D spending model. The conclusion is that instrumenting either R&D or innovation spending and innovation itself by firm characteristics produces fitted values that are essentially the same in their relationship to productivity. Experiments using the components of innovation spending separately produced similar results. It appears that in the absence of better and more specific instruments, it may be difficult to see the differential impact of the different types of spending. 
